Introduction
============

Epithelial ovarian cancer (EOC) is one of the most common genital system tumors that leads to cancer-related death among females.[@b1-ott-10-1227] Recently, its high mortality rate worldwide among various types of gynecological malignancy has become a serious threat to female health due to the difficulties in early diagnosis and poor treatment.[@b2-ott-10-1227] It has been proven that a large portion of the human genome can be transcribed into noncoding RNAs (ncRNAs).[@b3-ott-10-1227] Long ncRNAs (lncRNAs) are one type of ncRNAs whose transcripts are longer than 200 nucleotides and have no protein-coding capacity.[@b3-ott-10-1227] lncRNAs are dissimilar to miRNAs or else other smaller noncoding RNAs because they can regulate the downstream target gene at transcriptional and posttranscriptional levels by various means of cis and trans regulation.[@b4-ott-10-1227],[@b5-ott-10-1227] In recent years, many studies have demonstrated that lncRNAs play crucial roles in human diseases and various cancers.[@b6-ott-10-1227]--[@b8-ott-10-1227] Particularly, research concerning the function of lncRNAs in EOC has also been reported.[@b9-ott-10-1227] Moreover, what most cancer-related lncRNAs have in common is that they have an antisense partner of protein coding gene, such as ANRIL (CDKN2B-AS1),[@b10-ott-10-1227],[@b11-ott-10-1227] CTBP1-AS,[@b12-ott-10-1227] HNF1A-AS1,[@b13-ott-10-1227] and GAS6-AS1.[@b14-ott-10-1227]

From our early lncRNAs chip data (Jie Yao, Affymetrix Company, unpublished data, 2012), we noticed that lncRNA RP11-190D6.2 had differential expression between high and low metastatic cell lines of human tumor. Based on the data from USCS database website, we found that lncRNA RP11-190D6.2 is the antisense transcript of protein-coding gene WW domain-containing oxidoreductase (*WWOX*). *WWOX* is a type of tumor suppressor gene and is linked with the FRA16D common chromosomal fragile site.[@b15-ott-10-1227] Furthermore, researchers found that it was associated with many cancers, including EOC,[@b16-ott-10-1227] hepatocellular carcinoma,[@b17-ott-10-1227] and colon cancer,[@b18-ott-10-1227] bladder cancer,[@b19-ott-10-1227] osteosarcoma,[@b20-ott-10-1227] and other cancers. In EOC, *WWOX* plays significant roles in the regulation of the cell cycle and apoptosis.[@b16-ott-10-1227] Mainly, loss of heterozygosity in *WWOX* and reduced expression of *WWOX* in many cancers have been reported.[@b21-ott-10-1227],[@b22-ott-10-1227] In addition, a recent study has identified that *WWOX* expression is largely regulated by DNA hypermethylation.[@b23-ott-10-1227] Nevertheless, the evidence concerning the functional role of RP11-190D6.2 in EOC remains unclear, which prompted us to conduct this study.

The objective of this study was to identify the expression of RP11-190D6.2 in EOC and evaluate its functional role in EOC cell lines as well as the study the potential modulating mechanism. More importantly, its potential roles in the diagnosis and treatment of EOC were also evaluated.

Materials and methods
=====================

Patient specimens
-----------------

All specimens with EOC (n=33) were collected from patients who underwent initial surgery from 2011 to 2014 at the Chinese PLA General Hospital. All patients enrolled in this study had not received therapy before surgical resection. This study and the utilization of tumor materials for research was approved by the ethical committee of PLA General Hospital. Written informed consent was obtained from the patients or their families for this study. For International Federation of Gynecology and Obstetrics (FIGO) stage I (n=5), FIGO stage II (n=8), FIGO stage III (n=12), FIGO stage IV (n=8), all samples were immediately frozen at the time of resection until use.

Cancer cell lines
-----------------

The human EOC cell lines HO8910-PM, SKOV3, HEY-A8, and OVCAR3, and normal cell line human ovarian surface epithelial (HOSE) were used in the in vitro studies. The specimens were purchased from American Type Culture Collection (Manassas, VA, USA). Cell lines were cultured in Dulbecco's Modified Eagle's Medium (DMEM; Gibco, Carlsbad, CA, USA) supplemented with 10% heat-inactivated fetal bovine serum (Invitrogen, Carlsbad, CA, USA) and incubated at 37°C in a humidified atmosphere with 5% (v/v) CO~2~.

RNA extraction and real-time quantitative polymerase chain reaction
-------------------------------------------------------------------

Total RNA was extracted using the Trizol Total RNA Reagent (Invitrogen) following the manufacturer's protocol. Complementary DNA (cDNA) was synthesized with 2 μg total RNAs using the RevertAid™ H Minus First Strand cDNA Synthesis Kit (Takara, Otsu, Japan). All primers were obtained from GenePharma (Shanghai, People's Republic of China), and the sequences we used were listed in [Table 1](#t1-ott-10-1227){ref-type="table"}. Real-time quantitative polymerase chain reaction (PCR) was analyzed using the SYBR PrimeScript RT-PCR kit (Takara) in an Applied Biosystems 7500 Fluorescent Quantitative PCR System (Applied Biosystems, Foster City, CA, USA) according to the manufacturer's instructions. The cycling conditions were as follows: 95°C for 30 s, followed by 40 cycles at 95°C for 5 s, and 60°C for 34 s.

Western blot analysis
---------------------

Cells were rinsed with ice-cold phosphate-buffered saline, harvested, and lysed in the lysis buffer (40 nM Tris \[pH 7.4\], 150 mM NaCl, 10 mM ethylenediamine tetraacetic acid, 10% glycerol, 1% Triton X-100, 10 mM glycerophosphate, 1 mM Na~3~VO~4~, and 1 mM phenyl-methylsulfonyl fluoride) containing protease inhibitor (Roche, Mannheim, Germany). Proteins were separated on a NuPAGE 4%--12% Bis-Tris Gel (Invitrogen) and then transferred onto a polyvinylidene difluoride membrane (Invitrogen). The membrane was blocked for 60 min with 5% skim milk at room temperature, incubated with the primary antibody overnight at 4°C, and then incubated with corresponding secondary antibody. Finally, the polyvinylidene fluoride membrane was developed using enhancing chemiluminescence solutions (Thermo Fisher Scientific, Waltham, MA, USA).

Overexpression of RP11-190D6.2 in EOC cells
-------------------------------------------

The RP11-190D6.2 was expressed at a low level in HO8910-PM cells and these were selected to be transfected with plasmid cDNA (pcDNA)-RP11-190D6.2 by Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. RP11-190D6.2 cDNA was cloned into *Bam*HI-*Eco*RI sites of pcDNA3.1. Those transfected cells were harvested for RNA isolation, scratch wound-healing assay, and matrigel invasion assay.

Transfection of siRNAs in EOC cells
-----------------------------------

The RP11-190D6.2 was expressed at a high level in HEY-A8 cells, and these were selected to carry out RP11-190D6.2 small interfering RNA (siRNA) transfection. siRNA sequences for target genes and negative-control (NC) siRNA were purchased from GenePharma. All sequences we used are listed in [Table 2](#t2-ott-10-1227){ref-type="table"}. In detail, \~5% cells were planted into 12-well plates and cultured for 24 h to obtain a concentration of 30%--50% before transfection. siRNA transfection was conducted with X-tremeGENE transfection reagent (Roche) according to the manufacturer's recommendations. Scratch wound healing assay and matrigel invasion assay were performed 48 h posttransfection.

Treatment of HO8910-PM and HEY-A8 cells with 5-aza-2′-deoxycytidine (5-aza-dC)
------------------------------------------------------------------------------

To detect the RP11-190D6.2 expression, HO8910-PM and HEY-A8 cells were seeded into the plastic 6-well plates containing 5 μM 5-aza-dC (Sigma, St Louis, MO, USA) and then cultured for 3 days.

Cell proliferation assay
------------------------

HO8910-PM or HEY-A8 cells were plated in 96-well plates at a density of 2,000 cells per well after transfection. The cells proliferation abilities were observed with MTS assay (Promega) following the manufacturer's recommendation. Each well contained 100 μL culture medium, and to this was added 20 μL MTS reagent. Subsequently, the 96-well plate was incubated in a humidified atmosphere containing 5% CO~2~ at 37°C. After 2 h of incubation, the plate was measured at 490 nm using a plate reader.

Scratch wound-healing assay
---------------------------

HO8910-PM and HEY-A8 cells, grown on plastic 6-well plates, were scraped, to form uniform wounds, via a pipette tip before transfection, and the initial gap length (0 h) was measured from photomicrographs. After 48 h, the residual gap length was calculated.

Matrigel invasion assay
-----------------------

Transwell assay was performed to observe the cells' invasion ability using modified Boyden Chambers (BD Biosciences, Bedford, MA, USA) that consist of transwell-precoated Matrigel membrane filter inserts with 8-mm pores in 24-well tissue culture plates. DMEM supplemented with 10% fetal bovine serum served as chemoattractant in the lower chamber. After incubation, invading cells on the lower chamber were calculated using photographic images, and the mean invasion rate was tested by measuring the increasing radius of the entire cell population.

Statistical analyses
--------------------

Each mentioned experiment was performed at least three times. The differences between groups were performed using Student's *t*-test or Chi-square test. The differences between patient groups were compared using the log-rank test. For correlation between genes expression, Pearson's correlation was used. Statistical analysis was performed using SPSS version 18.0 (SPSS, Chicago, IL, USA), respectively. All analyses were considered statistically significant at *P*\<0.05(\*).

Results
=======

Expression of RP11-190D6.2 was downregulated in EOC tissue samples
------------------------------------------------------------------

To examine the RP11-190D6.2 expression levels, panel-paired specimen assays were performed on the specimens that were obtained from the 33 patients suffering from EOC. Compared with the matched nontumor tissues, the expression level of RP11-190D6.2 in tumor tissues was markedly decreased ([Figure 1A](#f1-ott-10-1227){ref-type="fig"}). Meanwhile, the expression of RP11-190D6.2 was remarkably downregulated in tumors with higher FIGO stage (III/IV) compared with tumors with lower FIGO stage (I/II) ([Figure 1B](#f1-ott-10-1227){ref-type="fig"}).

Expression of RP11-190D6.2 was correlated with expression of *WWOX*
-------------------------------------------------------------------

Real-time PCR was performed to evaluate the expression levels of RP11-190D6.2 and *WWOX* with an aim to investigate their potential association. As depicted in [Figure 2A](#f2-ott-10-1227){ref-type="fig"}, the RP11-190D6.2 expression was positively correlated with *WWOX* expression (*R*=0.45519, *P*\<0.00777).

*WWOX* expression was coregulated together with the RP11-190D6.2 overexpression or knockdown in EOC cell lines
--------------------------------------------------------------------------------------------------------------

Real-time PCR was performed to observe the expression levels of RP11-190D6.2 in the four EOC cell lines and the HOSE normal cell line. The results showed that expression of RP11-190D6.2 was significantly lower in each EOC cell line compared with HOSE cell line ([Figure 2B](#f2-ott-10-1227){ref-type="fig"}). Additionally, the expression of RP11-190D6.2 was the highest in HEY-A8 but the lowest in HO8910-PM among four human EOC cell lines ([Figure 2B](#f2-ott-10-1227){ref-type="fig"}). Based on this result, the overexpression and knockdown experiments were conducted.

HO8910-PM cells transfected with RP11-190D6.2 cDNA plasmid were prepared for the overexpression experiment. The data showed that the lncRNA RP11-190D6.2 expression was significantly increased ([Figure 2C](#f2-ott-10-1227){ref-type="fig"}). Meanwhile, using real-time PCR, we found that the mRNA expression level of *WWOX* was apparently upregulated by pcDNA RP11-190D6.2 ([Figure 2C](#f2-ott-10-1227){ref-type="fig"}).

HEY-A8 cells transfected with RP11-190D6.2 siRNAs were prepared for the knockdown experiment. The mRNA expression levels of RP11-190D6.2 and *WWOX* were assessed using real-time PCR analysis. In RP11-190D6.2 siRNA groups, we found that RP11-190D6.2 expression was evidently decreased as well as *WWOX* expression ([Figure 2D](#f2-ott-10-1227){ref-type="fig"}). Taken together, these results suggested that *WWOX* expression may be regulated by lncRNA RP11-190D6.2.

RP11-190D6.2 expression was restored by 5-aza-dC treatment in ovarian cancer cell lines
---------------------------------------------------------------------------------------

According to the UCSC database (<http://genome.ucsc.edu/>), we found that extensive hypermethylation could be found at the RP11-190D6.2 promoter region. To investigate the functional role of DNA methylation in lncRNA RP11-190D6.2 inactivation in tumor, we examined the influence of DNA demethylating agent (5-aza-dC) on RP11-190D6.2 expression. The results suggested that RP11-190D6.2 expression was significantly higher in HEY-A8 and HO8910-PM cells exposed to 5-aza-dC than that in control group ([Figure 3](#f3-ott-10-1227){ref-type="fig"}).

HO8910-PM cells' proliferation, migration, and invasion abilities were inhibited by RP11-190D6.2 overexpression
---------------------------------------------------------------------------------------------------------------

RP11-190D6.2 overexpression assay was performed in HO8910-PM cells transfected with pcDNA RP11-190D6.2 or pcDNA control, aiming to further investigate the functional role of RP11-190D6.2. As shown in [Figure 4A](#f4-ott-10-1227){ref-type="fig"}, we found that the growth of cells was slower in pcDNA-RP11-190D6.2 group than that in pcDNA control group. The wound healing assay and matrigel invasion assay revealed that the migration and invasion abilities of cells were remarkably suppressed in pcDNA-RP11-190D6.2 group than that in pcDNA control group, which are respectively depicted in [Figure 4B and C](#f4-ott-10-1227){ref-type="fig"}.

HEY-A8 cells proliferation, migration, and invasion abilities were enhanced by RP11-190D6.2 knockdown
-----------------------------------------------------------------------------------------------------

RP11-190D6.2 knockdown assay was carried out in HEY-A8 cells transfected with RP11-190D6.2 siRNA or NC siRNA. The growth rate of cells transfected with RP11-190D6.2 siRNA showed great elevation compared with the NC siRNA group ([Figure 5A](#f5-ott-10-1227){ref-type="fig"}). As seen from [Figure 5B and C](#f5-ott-10-1227){ref-type="fig"}, the scratch wound-healing assay and matrigel invasion assay showed a significant elevation of cell migration and invasion in RP11-190D6.2 siRNA group compared with the NC siRNA group.

Discussion
==========

Nowadays, a large number of lncRNAs have been found to be linked with diagnosis, staging, and progression in cancer.[@b6-ott-10-1227]--[@b8-ott-10-1227] lncRNA RP11-190D6.2 is the antisense partner of the protein coding gene *WWOX*. *WWOX* is an important tumor suppressor in various human malignancies, and its expression is mainly controlled by promoter hypermethylation.[@b16-ott-10-1227]--[@b20-ott-10-1227]

In the present study, our data demonstrated that the deregulation of lncRNA RP11-190D6.2 was associated with the tumor occurrence in EOC, and the reduced expression of RP11-190D6.2 was linked with increased FIGO stages. In in vitro experiments, the expression of RP11-190D6.2 was remarkably lower in the four EOC cell lines compared with the HOSE cell line. Additionally, the results also showed that overexpression of RP11-190D6.2 suppressed proliferation, migration, and invasion abilities of the HO8910-PM cells, but the knockdown of RP11-190D6.2 showed the opposite effect. It is probable that the expression level and functional role of lncRNA RP11-190D6.2 in cancer was analyzed for the first time.

In a previous study, researchers found that lncRNA HOTAIR could promote the progression of ovarian cancer cells by regulating the cell cycle and apoptosis.[@b24-ott-10-1227] CCAT2 is also associated with EOC metastasis, and its expression is upregulated in EOC.[@b25-ott-10-1227] It is worth noting that our study provides the first evidence that lncRNA RP11-190D6.2 might be negatively linked with tumor progression and inhibit cell proliferation, migration, and invasion abilities in EOC.

It has been demonstrated that the antisense lncRNAs often regulate their sense mRNA partners through positive or negative expression relationship.[@b26-ott-10-1227]--[@b28-ott-10-1227] Thus far, multiple antisense lncRNAs have been found to be associated with various malignant tumors.[@b6-ott-10-1227]--[@b8-ott-10-1227] Our results showed that RP11-190D6.2 expression level was positively correlated with its sense partner *WWOX*. To further investigate the expression relationship between lncRNA RP11-190D6.2 and its protein-coding gene *WWOX*, overexpression and knockdown experiments were conducted, separately. Our data suggested that the *WWOX* expression concurred with the up- and downregulation of RP11-190D6.2 expression in EOC cells. According to these results, we speculated that lncRNA RP11-190D6.2 may function as a tumor suppressor by regulating the *WWOX* expression.

In some other studies, many cancer-related lncRNAs have been discovered to be involved in epigenetic regulating network.[@b6-ott-10-1227],[@b7-ott-10-1227] DNA hypermethylation in the regulatory region has been found to be the cause of downmodulation of *WWOX* expression in cancers.[@b21-ott-10-1227]--[@b23-ott-10-1227] Based on the UCSC data, extensive DNA methylation and histone modification markers can be found at the promoter of RP11-190D6.2 and *WWOX* (<http://genome.ucsc.edu/>). In our study, we found that the RP11-190D6.2 expression was markedly restored when cells were treated with 5-aza-dC. This result made us speculate that the DNA demethylation may contribute to the increase of RP11-190D6.2 expression in EOC cells.

In conclusion, this study provides the first evidence that the deregulation of lncRNA RP11-190D6.2 expression is linked with the diagnosis of EOC. The functional mechanism of RP11-190D6.2 is closely associated with the inhibition of cell proliferation, migration, and invasion abilities in EOC partly by regulating protein-coding gene *WWOX*. Tumor suppressor lncRNA RP11-190D6.2 may be regarded as a novel biomarker and therapeutic target for EOC treatment in future.
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![Relative expression in 33 EOC tissue samples were examined by real-time PCR and normalized to β-actin expression.\
**Notes:** A fold change in tumor tissues relative to normal tissues is depicted. (**A**) Compared with the matched nontumor tissues, the expression level of RP11-190D6.2 in tumor tissues was evidently decreased (\**P*\<0.05). (**B**) The expression of RP11-190D6.2 was remarkably downregulated in tumors with higher FIGO stage (III/IV) compared with tumors at lower FIGO stage (I/II) (\**P*\<0.05).\
**Abbreviations:** EOC, epithelial ovarian cancer; FIGO, International Federation of Gynecology and Obstetrics; PCR, polymerase chain reaction.](ott-10-1227Fig1){#f1-ott-10-1227}

###### 

*WWOX* mRNA expression level was positively correlated with the RP11-190D6.2 lncRNA overexpression or knockdown in EOC cell lines.

**Notes:** Real-time PCR was performed to evaluate the expression levels of RP11-190D6.2 and *WWOX*, aiming to investigate their potential association. (**A**) The RP11-190D6.2 expression was positively correlated with *WWOX* expression (*R*=0.45519, *P*\<0.00777). (**B**) The expression of RP11-190D6.2 was significantly lower in each EOC cell line compared with HOSE cell line. Additionally, the expression of RP11-190D6.2 was the highest in HEY-A8, but the lowest in H08910-PM. (**C**) The data showed that the lncRNA RP11-190D6.2 expression significantly increased. Meanwhile, using real-time PCR, we found that the mRNA expression level of *WWOX* was apparently upregulated by pcDNA RP11-190D62. (**D**) In RP11-190D6.2 siRNA groups, we found that RP11-190D6.2 expression was evidently decreased, as was *WWOX* expression. \**P*\<0.05.

**Abbreviations:** EOC, epithelial ovarian cancer; HOSE, human ovarian surface epithelial; PCR, polymerase chain reaction; *WWOX*, WW domain-containing oxidoreductase; pcDNA control, pcDNA, plasmid complementary DNA; lncRNA, long noncoding RNA; mRNA, messenger RNA; siRNA, small interfering RNA; NC, negative control.
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![Influence of DNA demethylating agent (5-aza-dC) on RP11-190D6.2 expression.\
**Notes:** The results suggested that RP11-190D6.2 expression was significantly higher in HEY-A8 and H08910-PM cells exposed to 5-aza-dC than that in NC group (\**P*\<0.05).\
**Abbreviations:** 5-aza-dC, 5-aza-2′-deoxycytidine; NC, negative control; siRNA, small interfering RNA.](ott-10-1227Fig3){#f3-ott-10-1227}

![Cell proliferative, migratory, and invasive properties were repressed by pcDNA-RP11-190D6.2 in H08910-PM cells.\
**Notes:** (**A**) We found that the growth of cells was not evident in pcDNA-RP11-190D6.2 group compared with NC group. (**B**, **C**) The wound healing assay and matrigel invasion assay revealed that the migration and invasion abilities of cells were remarkably suppressed in pcDNA-RP11-190136.2 group than that in pcDNA control group (\**P*\<0.05). Each image was taken at 40× magnification (objective: 4×, eyepiece: 10×).\
**Abbreviations:** NC, negative control; pcDNA, plasmid complementary DNA; siRNA, small interfering RNA.](ott-10-1227Fig4){#f4-ott-10-1227}

![Cell proliferation, migration, and invasion were elevated by RP11-190D6.2 siRNA in HEY-A8 cells.\
**Notes:** (**A**) The growth rate of cells transfected with RP11-190D6.2 siRNA showed great elevation compared with the NC group. (**B**, **C**) The scratch wound-healing assay and matrigel invasion assay showed a significant elevation of cell migration and invasion in RP11-190D6.2 siRNA group compared with the NC siRNA group (\**P*\<0.05). Each image was taken at 40× magnification (objective: 4×, eyepiece: 10×).\
**Abbreviations:** NC, negative control; siRNA, small interfering RNA.](ott-10-1227Fig5){#f5-ott-10-1227}

###### 

Primers for real time PCR analysis

  Gene name        Forward                        Reverse
  ---------------- ------------------------------ ------------------------------
  *β-actin*        5′-CCACTGGCATCGTGATGGA-3′      5′-CGCTCGGTGAGGATCTTCAT-3′
  *WWOX*           5′-CAAGGGCGAGTGAAGCAGT-3′      5′-GGCGGAGGGTGGTATTTTGT-3
  *RP11-190D6.2*   5′-CAGAGTGAGAACCACTGGTGAT-3′   5′-CGAAGGATGAGTTAAAAAGTTT-3′

**Abbreviations:** PCR, polymerase chain reaction; *WWOX*, WW domain-containing oxidoreductase.

###### 

Sequences for small interfering (si) RNA analysis

  Gene name            Sense (5′--3′)              Antisense (5′--3′)
  -------------------- --------------------------- -----------------------------
  *RP11-190D6.2-si1*   AUGGAUAUUUCCAAGCUGGAACCGA   UCGGUUCCAGCUUGGAAAUAUCCAUGU
  *RP11-190D6.2-si2*   AUUGAAAAUGUAAGAACUAUUCUGA   UCAGAAUAGUUCUUACAUUUUCAAUCA
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